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AAEROJET-SENERAL CORPORATION
AZUSA. CAL1gPON1A *1 7O** a 60m-9I

VON KARMAN CENTER 2 July 1964

Subject: Informal Monthly Report on the Invest.gation of Stress
Corrosion Cracking of High Strength Steels for the Month0 of May 1964. Report LOhlbi-o2-_

S To: Commanding Officer
Frankford Arsenal
Philadelphia, Pennsylvania

Reference: Contract DA-04-495-ORD-3069, Modification No. 4

This is the thirty-second in a series of informal progress reports submitted

in partial fulfillment of the contract. It consitutes the eighth monthly report

on the second one-year continuation of the original two-year program. The work

was conducted by R. B. Setterlund who was supervised by A. Rubin.

I. OBJECTIVES

A. To study the stress-corrosion characts.ristics of 18% nickel maraging

steel with respect to compositional variation.

B. To study the effect of environirmntal temperature on the rate of stress-

corrcsion cracking in three alloy"s: 18, nickel aiaraging steel, a low-alloy

martensitic steel, and a hot-workci. e see

C. To study the electropotential cnanges occurring ir 18 %-nickel maraging

steel during streus-corrosion exposure, and the effect of applied potential.

II. WORK PROGRESS

A. COMPOSITIONAL VAPIATION

To study the effect of compositional variation on stress-corrosion

susceptibility of 18% nickel maraging steel, four different heats of material

were evaluated. These heats, when taken in conjunction with the heats p-eviously

tested in earlier parts of the maraging-steel program, represent the composit.ional

range of commercial production for this alloy. Material was obtainea from three

vendors: Republic Steel, Vanadium Alloys, and Latrobe Steel.
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This is the thirty-second in a series of informal progress reports submitted

in partial fulfillment of the contract. It consitutes the eighth monthly report

on the second one-year continuation of the original two-year program. The work

was conducted by R. P. Setterlund who was supervised by A. Rubin.

I. OBJECTIVE

A. To study the stress-corrosion characteristics of 18% nickel maragIng

steel with respect to compositional variation.

B. To study the effect of environmental temperature on the rate of stress-

corrcsion cracking in three alloys: 18% nickel maraging steel, a low-alloy

martensitic steel, and a hot-worked die steel.

C. To study the electropotential changes occurring ir 18%-nickel maraginp

steel during strems-corrosion exposure, and the effect of applied potential.

II. WORK PROGRESS

A. COMPOSITIONAL VARIATION

To study the effect of compositional variation on stress-corrosion

susceptibility of 18% nickel maraging steel, four different heats of material

were evaluated. These heats, when taken in conjunction with the heats previously

tested in earlier parts of the maraging-steel program, represent the compositional

range of commercial production for this alloy. Material was obtained from three

vendors: Republic Steel, Vanadium Alloys, and Latrobe Steel.
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Report No. LO414-02-8

Table 1 shows the composition of all materials studied. They include

five heats of maraging steel from t1- previous year's pro -ram and four heats from

the present program. The titaniau. content fur these heats ranged from 0.23 to

1.40%, with yield strengths from 181.5 to 325.3 psi. Mechanical properties are

shown in Table 2. -n addition to these materials, two alloys representing a

hot-worked die steel and a low-alloy martensitic steel were tested to obtain

comparison data. The test environments used were: (I) aerated distilled water,

(2) aerated 3% NaCl solution, and a high-humidity atmosphere (hO°0 water-

saturated air). Beam specimens were stressed elastically to '"S% of the yield

strength, and U-beýnd specimens were used to evaluate the plastic deformation

condition.

Results indicate that the stress-corrosion susceptibility of 18% nickel

maraging steel increases with strength level, which is largely determined by the

titanium content. Even the lowest-s+rength-level material tested (1l,-ksi yield)

sbowed some failures in the U-bend tests. it was also found that a 3% salt

s lution was a less severe medium than distilled water in causing stress-corrosion

failure.

The test plan for Tasks A and B is shown in Table A. The ÷.estirig has

been completed and results are now being evaluated for inclusion in the final

report..

F. ENV ROW•N•NAL TEMPERATURE

The effect of environmental temperature on stress-corrosion cracking

of 18% nickel maraging steel was determined using bent-l'eam and U-bend specimens

in controlled distilled-water environments at temperatures of 120 and 160 °F.

Environmental temperature was found to markedly increase stress-corrosion su6-

ceptibility of the mararing steel, with failure times decreased by one-half with

an 18 F increase in temperature. The conventional high-strength steels, tested

for comparison, displayed greter susceptibility at a given strength level, but

showed virtually no increase in susceptibility as the temperature was raised from

uO to l;O F. Th" final results for all tests performed in Task B shown in Table

; will be reported in detail In the next report, which will constitute the final

summiary report.
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C. ELECTROP(YITENTIAL CHANGES

Electropotential changes occurring in a material exposed to conditions

which induce stress-corrosion cracking are of interest because they may give some

indication of the mechanism of failure. Two experiments -were conducted inl this

regard, using a center-notched, pre-cracked tensile specimen of 18% nickel

maraging steel.

1. The effect of applied tensile stress on crack-tip corrosion

potential was measured. This potential was found to shift toward the anodic by

0.0175 mv for every 1000 psi of net stress applied.

2. The effect of applied constant potential on a U-bend specimen

exposed to a 3% salt solution was determined. It was found that by applying the

proper amount of cathodic current, stress-corrosion cracking of the sample could

bP prevented. When the current was increased over this amount, the failure time

was the same as with no current, as illustrated by the following data:

Volts to Initial Current Density Failure Time
SaturaLed Calomel Cell (ma/in. 2 ) (hr)

-0.95 -5.6 2.1

-0.66 -2.0 no failure, 168 hr

-o.36 -0.4 2.1

none none 2.5 (av.)

Complete results for this task will be & •wn in the final report

now being prepared.

AEROJET-GENERAL CORPORATION

tructural Engineering Department
Structural Materials Division
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*(a) Nsediag Steel fra IPMVelS aw r

Republic Steol 3W9602 0.02 0.08 0.007 0.00

Alles1eny-Ludlum "Sa 0.02Y 0.002 0.0011 0.00Q

&Aue~eu,-Luam U-241l7 0.012 0.01 0.003 0.00

Allesway-fnilum 416 0.02 0.08 0.006 0.00

A.Iaaeny-Lgadlm W-242511 0.009 0.09 0.002 0.00,

(U) vbrafia Stoel for Preseet IPrapi

b1pablic Steel 3960523 0.029 0.06 0.05 0.00

Veama4A Alloys 0T766 0.02 0.09 0.001 0.00

latrobe Stoel CSGO 0.03 i.'.03 0.0011 0.001

Vemadim Allay 07266 0.03 0.05 0.-0011 0.00

(c) Comwastiaml Risk-strmge Steels

VemsiUm Aud"r 079vt 0.36 0.21 0.0W0 0.0

ALehee.-Ludsm V-2321T 0.1195 0.6 0.009 0.00

Sam material from provamie psaW will be umoe to abt&ja wepleam



30A= MALTIZI OF FF00WM K420JALS

cmostt1gl 4
111 -22L NO _a_ X,- -k ML 3L I L

006 0.15 18.J.8 7.00 14-84 0.aL 0.1 0.035 0.50 0.a056

008 0.009 18.51 8.46 4. va 0.0w - 0.52 -

005 0.01 18.69 8.90 4.92 0.029 - 0.003 0.62 0.006 0.002

005 O.Olb& 18.60 9.05 4.90O .3768 - 1 .00 -

005 0.06 2o.ki - - 0.29 - 0.002 1.hO 0.004 0.00,

00 D-05 17.79 8.90 3.48 0.13 0.23 -

005 0.1.0 17.75 7.60 4.60 0.06 - 0.01T 0.52 0.05 0.004

006 0.05 18.Jb 8.00 lb.5 0.11 0.05 0. 1#9 - 0.004

006 0.04 LO.54 9.06 k-08 0.09 o .066 0.55 0.oa 0.00,

006 0.91 - .3 - h.75 - - - 0.51

W0 0.30 0."T 0.94 . 1.00 - - 0.05

0



P63AIICAL imOPEr Us

4 !~~~~ostt Treatment . 4Out

. _3_______I*_r ~itat N3~ .¶?.rb 1311 ___ Yield strerigt4

(a) )hzm±z" Stool Fr:

- 'ub~li Steel 39605^Z 3 249-

A- U gheaeny-Lu±llu ý 5 j2355-4
3- 283.3

R-1 . Uegxemi-Lu&dlus W-?I251., 8ýaF 291.3

(b) YImrv4ln4 Stool f 3

K Re~ablic Steel 3i60523 9"2 21.5

Vama-Ium Allo.ys Ow86 3 2be8.-2

14 Latr*. Steel C563-53 3 36). T

5 Veana"jva Alloys O268 5 27 I.1I

(C) C~mvett~e~l tLid

A-4. Vansawu Alloys O79V6 4*4 5? 209.2
A-3105? 232.6

A-2 975? 223.5

A-1 Vwall,;i Allays -r914 91(1 222.2

3.1. Alklegaea-rLud1l.. W-2321T 2 LW205.11- 2 9120%.6

9-2 2 2.1k.5

3-1 A &@eY-..a&4Im W.22T 2 60a? 257.4

Sao materWa fr=a prwvtaw prtp will be used to *ta.LA su"fIsmtai7

2w0 lb lab~mtoav bftts.

01Lw4 $06 c 344 re*4e4 *4 ealeI I hIr 150001.

0'
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hULK 2

U~~t~~m3T 0 ec

33. .5 57. 3 56.0 2

5^2.2.5 IT.3 5ý

r~r Present Pr~pma

10T5.3 ?30 ~ .
2I48.2 4.O 0 4.

27T. 5.0 3~O51.5

£1ik Strength steels

25?.? T.0 ti.9

2&.8- 6.0 52.5

280.6 6.s 5 5,

292-46 T.0 ho 54 32.9

218.5 u 4 563
2.. T5 113.5 4438

244. -2 T 38 ms~

281.3 0 25 51.5 152
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Ii!.2. COREK

TAM1

H-1 K- L- - -

Bent Beam Tests

A. rated M1atille.1 Wator A A N A A N A

.Aerated nIlt Iviiter A A N A A N N

12CF tistilled Water * A - A A A A

14o Satrated Air A A ft A A A

1Eý1 'Istilled Water A A A A A A A

U-Bend Tests

Aerated n-istillei Water A A - A A

Aeratel Sftlt W~ter A F A

'20F Distilled V~ter A A A

il.F SaturateJ Alr- A - - A A

lt,,' Listl~jel Water A & - - A A

A - All IsaMles have Nallci.

P . Sae haV* faile', sgw have not.

- X. fti um to -lte.

- s o t~est pla 4e.

- Single saverick &pecloW, two o gt 1 p~ .f* three tave failei
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A A A A A A A N

A A A A A A A A A N
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